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SUMMARY 

A method is presented of improving the optical be- 
haviour of stretched Polyethylene (PE) matrices suita- 
ble in linear dichroism studies. It is based on the mo- 
dification of the drawn PE matrices by filling micro- 
cracks (the light scattering centers) with Poly (vinyl 
alcohol~. Absorption spectra of modified and unmodified 
matrices show enhancement of light transmission in uv- 
visible range for modified matrices. Suggestions on the 
influence of the crystallinity~ degree and drawing condi- 
tions of PE matrices, used as anisothropic solvent, are 
given. 

INTRODUCTION 

Since the pioneer works of Jablonski (JABLONSKI, 
1935) the uniaxially oriented polymer/solute matrices 
have been widely used in the linear dichroism (LD) stu- 
dies in connection with determination of the transition 
momen~ directions of the elongated solute molecules. 
Among the numerous polymer films, drawn PE seems tobe the 
most suitable as a highly oriented medium, interacting 
weekly with the solute molecules and almost nonabsorbing 
within a whole uv-range. Unfortunately, most of the 
apparent absorption of PE oriented films in the uv-visi- 
ble region is due to light scattering and depends on the 
polarization direction as well as on the wavelenght of 
the incident light. Depolarization effects caused by 
the light scattering and a matrix baseline problem, 
however, are a source of serious error in LD studies 
(THULSTRUP, 1980~. 

It is well known that light scattering results 
from the presence of microcrackswhich are aligned in 
oriented PE films mostly along the drawing direction. 
The aim of our work was to propose a novel method of 
preparing anisotropic PE matrices with considerably 
improved optical behaviour. This method comprises a 
pretreatment of matrix surface in low-temperature 
plasma of air and filling the microcracks up with 
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poly(vinyl alcohol). Moreover, the effect of different 
conditions of polymer drawing process on its orienta- 
tion is reported. 

EXPERIMENTAL 

Polymers. Poly (vinyl alcohol) (PVA) was obtained 
by alkaline hydrolysis of poly(vinyl acetate) (BDH) of 
average molecular mass Mv= 8.2 x 104 , carried out accor- 
ding to (SACURADA and FUJIKAWA, 1945). PE, Lupolen 
1800S~BASF~, with the density of 0.918 g/cm j, Mv= 
= 2.8 x 10 4 , m.p. of i12~ and containing 35 methyl 
groups per 10 3 carbon atoms was purified by dissolution 
in hot toluene and precipitation after cooling the solu- 
tion down to room temperature. Two dissolution-precipi- 
tation cycles were carried out to obtain high purity of 
the polymer. 

Preparation of PE films. PE films ca. i00 ~m thick 
were prepared according to the following methods: 

~i) casting of 5% hot PE/toluene solution onto the 
heated quartz plate. The initial temperature of the so- 
lution/plate was kept at about 80~ and was then rised 
up to 130~ with a constant heating rate of ca. 
4 deg/min. Such heat-treatment conditions prevented PE 
gelation during solvent evaporation. To prevent thermal 
oxidation process in PE, evaporation of the solvent was 
carried out in a chamber under continuous flow of argon. 
The moltenPE onaquartz substrate was then cool]ed down by 
immersion in ice water bath to diminish spherulites 
growth in the polymer; 

(ii) compressing of the molten PE in argon atmos- 
phere between stainless steel plates which were first 
heated initially at 130~ and then coolled down in ice 
water bath. 

The uv spectroscopic examination of the PE films 
prepared by the above methods proved that they were 
free of residual solvent and did not display any oxi- 
dative destruction. 

C rystallinit~ measurements. The crystallinity de- 
gree of the unoriented PE films was determined by wide 
angle x-ray scattering according to the method of 
Hermans and Weidinger. The diffraction patterns were 
recorded on DRON 2.0 diffractometer for scatter angles 
within the range of 2 8 = 6 - 30~ 

Drawin~ experiments. The PE films prepared accor- 
ding to the methods (i) and ~ii) were oriented in 
Instron apparatus using two different drawing procedu- 
res: a/ drawing with necking at various drawing rates 

of 1,5 and 20 cm/min; 
b/ drawing through a die (PAKULA and FISCHER, 1981] 

at drawing rate of 0.5 cm/min. 
Birefrin~ence measurements. The optical anisotropy 

in the oriented PE films was estimated from birefringe- 
nce measurements according to a standard interference- 
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polarization method using an interference-polarization 
micros cope. 

Modification of drawn PE films. To improve the 
adhesion of the PVA filler to highly hydrophobic PE, 
the oriented films were subjected to treatment in low- 
temperature plasma generated in air using the electro- 
de system described elsewhere ~WR6BEL et.al.,1976). 
Film samples fixed between stainless steel electrodes 
spaced 3 cm apart were treated at the following plasma 
parameters: current frequency, 20 kHz, current density, 
1 mA/cmZ; pressure, 0.i and 0.3 Torr; treatment dura- 
tion, 60 s. The extent of PE surface modification resul- 
ting from plasma treatment was examined by the measure- 
ments of the advancing contact angle of distilled water 
and freshly prepared PVA water solutions. 

Plasma treated PE films were then modified with 
PVA by their threefold soaking in PVA water solution 
and subsequent evaporation of water. 

RESULTS AND DISCUSSION 

Effect ofLpurification on the cr~stallinity de~ree 
oLf c~s~ted and compressed PE matrix. The data in Table 1 
clearly show that purification of commercial PE decrea- 
ses markedly its crystallinity degree. 

TABLE 1 

Crystallinity degree of nonpurified ~NP} and purified 
~P> PE matrices prepared by casting and compressing 
techniques 

PE Matrix Degree of Crystallinity <%) 

Casted 
NP 42 
P 27 

Compressed 
NP 43 
P 25 

Presumably this results from the elimination of easily 
crystallized linear macromolecules of low molecular 
mass and of some additives as optical stabilizers, 
antioxidants and residual catalyst which can create 
heterogenous nucleation centers. 

In general, the presence of the crystalline phase 
in the matrix is disadvantageous, since the investiga- 
ted molecules introduced into the matrix are located 
in the amorphous phase only. The presence of the crysta- 
lline phase involves a decrease of the "effective 
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volume" that can be occupied by the molecules introdu- 
ced to the matrix. This consequently leads to nonuni- 
form concentration of the molecules throughout the 
matrix and under such conditions undesirable aggregates 
can be formed. It is also known, that the microcracks 
appearing in PE during drawing originate from the trans- 
formation of the spherulites into the fibrils. Thus, 
the light scattering on the microcracks strongly depen- 
ds on the crystallinity degree and on the spherulite 
size in the initial matrix, and therefore the low-crys- 
tallinity PE such as Lupolen 1800S is the most suitable 
for optical studies. 

In the widely used procedure for the preparation 
of RE matrices to LD studies the organic molecules are 
introduced into the matrix by diffusion (THULSTRUP, 
198@). It is a highly time-consuming process that ena- 
bles to introduce a relatively small amount of the 
molecules, in fact, without any possibility of contro- 
lling their concentration in the matrix. It seems that 
most of the organic molecules can be introduced into 
the matrix by casting technique using toluene as a sol ~ 
vent. The evaporation conditions of toluene specified 
in the experimental section prevent the polymer from 
undergoing gelation and prepared PE matrices were found 
to be of uniform structure. It also seems that evapora- 
tion of the solvent at evelated temperature should mar- 
kedly reduce aggregation of the solute molecules. 
The casted matrices were slightly rough and additional 
compression of the molded films was needed to smooth 
their surface. As can be seen from Table 1 the method 
of matrix preparation does not influence its crystalli- 
nity. 

Effect of drawin 9 conditions on optical properties 
of oriented matrices. It can be seen from the data in 
Table 2 that birefringence of PE matrices drawn with 
necking increases with drawing rate. Since birefringen- 
ce reflects the orientation of the polymer chains in 
the amorphous and crystalline phases so the same rate 
dependent effectivness of the orientation should be 
observed for elongated solute molecules in PE. 

The matrices drawn through a die exhibit higher 
orientation than those drawn with necking as it was 
already observed for various polymer materials (PAKULA 
and FISCHER, 1981; ZACHARIADES et.al., 1978). Unfortu- 
nately, this drawing procedure requires the polymer 
film to be enough thick (at least 1 mm) to avoid its 
rupture during deformation, so its application for 
preparation of PE matrices for optical studies is rath- 
er limited. The matrices prepared according to the 
mentioned procedures contain microc~acks (Fig. l) alt- 
hough drawing through a die yields a medium with sligh- 
tly less light scattering (Fig. 2). 
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TABLE 2 
Birefringence (~n) of PE matrices drawn with necking 
and through a die at various drawing rate 

Drawing rate 
(cm/min) 

Birefringence, An x 

Drawn with neck in ~ Drawn throu~ha die 

0.5 0.1189 0.1705 
1 0.1293 - 
5 0.1308 - 

20 0.1608 - 

X/An=n, -nm, where n. and n~ are the refractive indices 

along and perpendicular to the drawing direction,res- 
pectively, as viewed through cross-polarized light. 

Fig. l. Micrograph of PE drawn film, immersed 
in silicon oil, taken at crossed polarizers. 
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Fig. 2. Absorption spectra of PE films: drawn through,a 
die, before (i) and after plasma/PVA modification (I); 
drawn with necking, before (2) and after plasma/PVA 
modification (2'). 
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Effec t of Plasma and PVA water so!ution treatments 
on o~tical behaviour Of PE matrix. The low-temperature 
air plasma treatment of the drawn matrices increasestheir 
wettability to water and PVA water solutions as is seen 
from the contact angle values presented in Table 3. 

TABLE 3 

Contact angles for water and PVA water solutions on the 
surface of PE oriented matrices untreated and treated 
in plasma generated in air at various pressures. Other 
glow discharge parameterg: current frequency = 20kHz, 
current density = imA/cm-, and discharge duration=60s. 

Concentration of PVA Contact Angle,0 [deg) __ 

in Water (%) Plasma Treated PE 
Untreated PE 

0.1 Torr 0.3 Torr 

0 96 34 24 
0.6 74 25 17 
1.2 73 24 16 
1.8 72 23 13 
2.4 69 22 10 
3.0 68 23 12 

A better hydrophility of PE matrices is observed for 
plasma treatment at air pressure of 0.3 Torr as com- 
pared to those treated at 0.i Torr. Wettability of 
plasma treated PE matrices for PVA water solutions does 
not change within the concentration range of 1.8-3.0% 
and further PE modification was carried out using 3% 
PVA solution. 

The advantage of modification of PE matrices appe- 
ars as one compares the absorption spectra of the mo- 
dified (1',2') and unmodified [1,2) matrices which are 
presented in Fig.2. The improvement in optical behavio- 
ur of the modified matrices is magnified when linearly 
polarized light is used for the recording of their 
absorption spectra [Fig.3). Moreover, it is manifested 
not only as a lowering of the scattered light but also 
as a convenient linear apparent absorption/wavelength 
characteristic. 

Finally, we tested application of the modified 
matrices in the low-temperature spectroscopy, down to 
liquid nitrogen temperature, and no breaking and de- 
laminating of the samples was observed. 
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Fig.3. Polarized absorption spectra of PE matrices 
drawn with necking at the rate of 20 cm/min., before 
(E' ,E; ) and after plasma/PVA modification(Ez,E.. ). 
Ez, E z and Ely, E v denote optical densities for l~ght 
polarzzed pa~all~l and perpendicular to the drawing 
direction, respectively. 
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